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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polyimide precursor solution which has a low viscosity 
even when it contains the solute of a polyimide precursor in a solvent at a high solids content 
ratio and does not cause cissing of a coating liquid against a substrate upon coating and is 
difficult to be affected by the state of the substrate surface, and a polyimide coating film having 
no pinhole at a thickness of <10 //m and excellent surface smoothness. 

SOLUTION: This polyimide precursor solution comprises a salt composed of 3,4 -oxydianiline 
and 3,3'A4'-biphenyltetracarboxylic acid and/or its derivative and 4,4-oxydiphthalic acid 
and/or its derivative which is dissolved as the solute in an organic solvent with a molar ratio of 
the tetracarboxylic acid and/or its derivative of 0:100 to 90:10, and 0.001-5 pts. mass, based on 
100 pts. mass salt as the solute, surface active agent containing a siloxane unit. The polyamide 
coating film has a thickness of <10 jaxx\ which can be obtained by coating this solution on a 
substrate and imidating the coated film. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] 3 and 4'-oxy-dianyline which are shown in the following type (1), 3 and 3' which are 
shown in the following formula (2), and the salt which consists of 4 shown in - biphenyl 
tetracarboxylic acid and/or its derivative, and the following type (3), a 4 and 4 , 4 , -oxy-JIFUTARU 
acid, and/or its derivative are dissolving into an organic solvent as solutes. Mole ratios with 4 
shown in - biphenyl tetracarboxylic acid, and/or its derivative and formula (3), a 3 and 3\ 4, and 
4'4-oxy-JIFUTARU acid, and/or its derivative are 0:100-90:10. [ which are shown in said 
formula (2) ] And the polyimide precursor solution characterized by carrying out 0.001-5 mass 
section content of the surfactant including the siloxane unit shown in the following type (4) to 
the salt 100 mass section as a solute. 
[Formula 1] 




(The inside R and R1 of a formula, R2, and R3 are independently chosen from a hydrogen atom 
and the alkyl group of carbon numbers 1-5, respectively, and R4 and R5 are independently 
chosen from a hydrogen atom, the alkyl group of carbon numbers 1-5, an alkoxy group, and a 
phenyl group, respectively.) 

[Claim 2] The polyimide precursor solution according to claim 1 characterized by for the 
concentration of the salt as a solute being 30 to 80 mass %, and solution viscosity being 10poise 
or less. 

[Claim 3] The polyimide coat characterized by the thickness obtained by carrying out coating of 
the polyimide precursor solution according to claim 1 or 2 on a substrate, and heating-imide- 
izing being 1 0 micrometers or less. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the polyimide precursor solution containing a 
surfactant including a siloxane unit, and the polyimide coat which reaches and is obtained. 
[0002] 

) [Description of the Prior Art] Conventionally, the polyimide which was excellent in electric 
insulation or high thermal resistance as the surface protective coats and interlayer insulation 
films of various electronic parts, such as a semiconductor device, was used widely. Moreover, 
although the laminating of an anode plate, an organic electroluminescence layer, and the cathode 
is carried out one by one and they consist of organic electroluminescence displays (organic 
electroluminescence display) which make a current pass and emit light to the fluorescent 
substance formed on the glass substrate or the transparent organic film on a substrate, the thin 
film of polyimide is used as an insulator layer between said anode plates and said organic 
electroluminescence layers. Polyimide is used as an insulating protective coat further again also 
on the metal substrate applied to a solar battery. Since these organic electroluminescence 
displays and a solar battery are laminating phase structures, it is required of the polyimide coat 
applied as the thickness of 10 micrometers or less that there are no outstanding surface smooth 
nature and outstanding pinhole. 

[0003] By the way, the spray coating method which makes the bar coating-machine method and 
coating liquid the shape of a fog, and is sprayed on a substrate as an approach of making a 
polyimide coat forming, or the spin coat method which carries out coating according to a 
centrifugal force is known. The spin coat method is used especially suitable for thickness making 
) a thin film 10 micrometers or less form. Although viscosity of the coating liquid used for a spin 
coat method needed to be made into 10poise or less at 20 degrees C, when the viscosity of 
coating liquid was low, at the time of coating, HAJIKI to the substrate of the liquid which carried 
out coating occurred, and there was a problem that minute irregularity was made in a coat on a 
pinhole or a front face. 

[0004] The polyimide coating liquid used on the other hand in case a polyimide coat is formed 
was a polyimide precursor solution which uses dimethylacetamide and N-methyl pyrrolidone as a 
solvent and makes polyamic acid a solute, and was difficult to originate in the polymerization 
degree of polyamic acid being high and the solubility to a solvent being small, and to make the 
solid content ratio in a solution high in this case. If put in another way, the polyimide precursor 
solution which used conventional polyamic acid as the polyimide precursor had the essential 
problem that viscosity was high, although solid content concentration was low, and polyamic acid 
was high polymerization therefore. When carrying out coating of the polyimide precursor solution 
which used this polyamic acid as the polyimide precursor with a spin coat method, that solid 
content concentration needed to be reduced extremely. Therefore, the polyimide thin film 
obtained from conventional polyimide coating liquid had the problem of being scarce in surface 
smooth nature, in order that the marks of few [ a coating substrate front face ] cracks and 
foreign matters, and irregularity might remain in a coat front face, since the solid content 
concentration of coating liquid was low. 
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[0005] As mentioned above, when thickness tended to obtain a polyimide coat 10 micrometers or 
less conventionally, there was a problem that polyimide coating liquid is using what has low 
viscosity, HAJIKI on a substrate will occur if coating of the coating liquid with low viscosity is 
carried out on a substrate, and a pinhole occurred on the polyimide coat obtained as a result. 
Moreover, when the solid content concentration of polyimide coating liquid was low, it was 
influenced by the condition on the front face of a substrate, and was easy, and there was also a 
problem that the surface smooth nature of the polyimide coat obtained was low. 
[0006] 

[Problem(s) to be Solved by the Invention] An example is taken by such situation. The 1st 
technical problem of this invention The polyimide precursor solution which it is hypoviscosity and 
HAJIKI to the substrate of the liquid which carried out coating at the time of coating does not 
occur even if the polyimide precursor which is a solute contains by the high solid content ratio in 
a solvent, and is not influenced by the condition on the front face of a substrate is offered, 
Moreover, thickness does not have a pinhole at 10 micrometers or less, and the 2nd technical 
problem has it in offering the polyimide coat which is excellent in surface smooth nature with 
sufficient productivity. 
[0007] 

[Means for Solving the Problem] The result of having inquired wholeheartedly in order that this 
invention persons might solve the above-mentioned technical problem, The polyimide precursor 
solution containing the surfactant which the salt which consists of specific diamine, a carboxylic 
acid, and/or its derivative is dissolving in the organic solvent as a solute, and has a specific 
structural unit Even if it has the high solid content ratio, it is hypoviscosity, and there is no 
HAJIKI to the substrate of the liquid which carried out coating, and it found out that it could not 
be easily influenced by the condition on front faces of a substrate, such as the crack or 
irregularity on the front face of a substrate, and a foreign matter. And a pinhole did not occur, 
but the polyimide coat obtained from this solution found out having surface smooth nature, and 
reached this invention. 

[0008] Namely, 3 and 4-oxy-dianyline which show the summary of this invention in the following 
formula (1) the 1st, 3 and 3* which are shown in the following formula (2), and the salt which 
consists of 4 shown in - biphenyl tetracarboxylic acid and/or its derivative, and the following 
type (3), a 4 and 4'4-oxy-JIFUTARU acid, and/or its derivative are dissolving into an organic 
solvent as solutes. Mole ratios with 4 shown in - biphenyl tetracarboxylic acid, and/or its 
derivative and formula (3), a 3 and 3', 4, and 4'4'-oxy-JIFUTARU acid, and/or its derivative are 
0:100-90:10. [ which are shown in said formula (2) ] And it is the polyimide precursor solution 
characterized by carrying out 0.001-5 mass section content of the surfactant including the 
siloxane unit shown in the following type (4) to the salt 100 mass section as a solute. 
[0009] 
[Formula 2] 




to 



CD 



(a) 



-ft-) 
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[0010] (The inside R and R1 of a formula, R2, and R3 are independently chosen from a hydrogen 
atom and the alkyl group of carbon numbers 1-5, respectively, and R4 and R5 are independently 
chosen from a hydrogen atom, the alkyl group of carbon numbers 1 -5, an alkoxy group, and a 
phenyl group, respectively.) 

It is the polyimide precursor solution characterized by for the concentration of the salt as a 

solute being 30 to 80 mass %, and solution viscosity being 10poise or less in said polyimide 

precursor solution the 2nd. It is the polyimide coat characterized by the thickness obtained 

[ 3rd ] by carrying out coating of the above and the polyimide precursor solution on a substrate, 

and heating-imide-izing being 10 micrometers or less. 

[0011] 

[Embodiment of the Invention] This invention is explained to a detail below. First, the vocabulary 
used by this invention is explained. 

(1) Say the organic polymer in which more than 80 mol % of the repeat unit of a polyimide 
polymer chain has imide structure. And this organic polymer shows thermal resistance. 

(2) Say polyimide precursor heating or the organic compound which carries out a ring closure 
according to a chemical operation, and serves as polyimide. Here, a ring closure means that an 
imide ring structure is formed. 

(3) The polyimide precursor solution polyimide precursor is dissolving in the solvent. A solvent 
means a liquefied compound at 25 degrees C here. 

[0012] (4) Measure the rotation viscosity in 20 degrees C using viscosity TOKIMEC [, INC. ], 
INC. make and a DVL-BII mold digital viscometer (Brookfield viscometer). 

(5) It is the numeric value which expressed with the percentage the mass rate of the polyimide 
precursor occupied in a solute concentration solution. 

(6) Using the DEJIMA [ by thickness Mitutoyo Corp. ] tic micrometer of a polyimide coat, 
measure the thickness of a polyimide coat by ten places, and ask as the average. 

(7) The longitudinal-plane-of-symmetry average of roughness height (SRa) of the polyimide coat 
front face formed on the substrate front face or the substrate was measured using the surface 
smooth nature three-dimension surface roughness measuring device (the Kosaka lab company 
make ET-30K, sensing-pin measurement), and smooth nature of a substrate front face or a 
polyimide coat front face was evaluated from the numeric value. 

[0013] Furthermore, this invention is explained. 3 and 4-oxy-dianyline which show the salt which 
is a solute in a formula (1) in the polyimide precursor solution of this invention, In 3 and 3' which 
are shown in a formula (2), [type (2) which consists of 4 shown in - biphenyl tetracarboxylic acid 
and/or its derivative, and a formula (3), a 4 and 4'4 '-oxy-JIFUTARU acid, and/or its derivative, 
and a formula (3) R, R1, R2, and R3 respectively — independent — ****** from a hydrogen 
atom and the alkyl group of carbon numbers 1-5. ] . And as for the mole ratio with 4 shown in - 
biphenyl tetracarboxylic acid, and/or its derivative and formula (3), a 3 and 3\ 4, and 4'4-oxy- 
JIFUTARU acid, and/or its derivative, 0:100-90:10 are desirable. [ which are shown in a formula 

(2) ] When the mole ratio of the 4 and 4-oxy-JIFUTARU acid shown in a formula (3) and/or its 
derivative is less than ten, the adhesion force to the substrate of the polyimide coat obtained 
may decline, and a coat may exfoliate from a substrate. 

[0014] In the polyimide precursor solution of this invention, you may transpose to the 
dicarboxylic acid anhydride which shows a part of tetracarboxylic acid shown in a formula (2) and 

(3) , and/or its derivative in the carboxylic acid shown in a general formula (5), or a general 
formula (6). At this time, as for the mole ratio of the sum of the tetracarboxylic acid shown in a 
formula (2) and (3), and/or the number of mols of that derivative, and the dicarboxylic acid 
anhydride shown in the carboxylic acid shown in a general formula (5), or a general formula (6), 
100:0-100:20 are desirable, and 100:0-100:11 are still more desirable. If the mole ratio of the 
dicarboxylic acid anhydride shown in the carboxylic acid shown in the general formula (5) to the 
sum 100 of the tetracarboxylic acid shown in a formula (2) and (3) and/or its number of 
derivative mols or a general formula (6) exceeds 20, only a polyimide coat with low reinforcement 
may be obtained. 

[0015] 
[Formula 3] 
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[0016] As for the inside R6 of [type, divalent aromatic series residue including at least one 
membered-rings [ six ] directly connected with the carbon atom with which two carbonyl groups 
adjoined is expressed, R7 expresses a hydrogen atom or the alkyl group of carbon numbers 1-5, 
and R8 expresses divalent aromatic series residue including at least one membered-rings [ six ] 
directly connected with the carbon atom with which two carbonyl groups adjoined. ] 
[0017] Furthermore, you may transpose to 4 shown in - biphenyl tetracarboxylic dianhydride 
and/or formula (8), and 3 and 3', 4, and 4 r 4 , -oxy-JIFUTARU acid 2 anhydride. [ which show a 
part of tetracarboxylic acid shown in a formula (2) and (3), and/or its derivative in a formula (7) ] 
As for the mole ratio of the sum of the tetracarboxylic acid shown in a formula (2) and (3), 
and/or the number of mols of that derivative, and the sum of the number of mols of 
tetracarboxylic dianhydride shown in a formula (7) and (8), at this time, 100:0-70:30 are desirable. 
The viscosity of a polyimide precursor solution can be finely tuned by adjusting this mole ratio. If 
the sum of the number of mols of tetracarboxylic dianhydride shown in a formula (7) and (8) 
exceeds 30-mol %, the hypoviscosity polyimide precursor solution which is the description of this 
invention may be unable to be obtained. 
[0018] 
[Formula 4] 

(7) 





[0019] Furthermore, you may transpose to the amine of one functionality which shows a part of 

3 and 4 -oxy-dianyline shown in a formula (1) in a general formula (9). In this case, as for the 

mole ratio of the amine shown in the general formula (9) to the 3 and 4 -oxy-dianyline shown in a 

formula (1), it is desirable that it is 100:0-100:20, and 100:0-100:11 are still more desirable. If the 

amine shown in a general formula (9) exceeds 20-rnol %, only a polyimide coat with low 

reinforcement may be obtained. The inside R9 of [type expresses aromatic series residue 

including at least one membered-rings [ six ]. ] 

[0020] 

[Formula 5] 

Rq — N Hi (©) 

[0021] Moreover, the inside R4 of the surfactant [type which includes the siloxane unit shown in 
a formula (4) to the salt 100 mass section which is a solute in the polyimide precursor solution of 
this invention, and R5 are independently chosen from a hydrogen atom, the alkyl group of carbon 
numbers 1-5, an alkoxy group, and a phenyl group, respectively. ] 0.001 - 5 mass section — 
0.001 - 1 mass section is made to contain preferably When coating of the polyimide precursor 
solution is carried out to the content of a surfactant being under the 0.001 mass section at a 
substrate, HAJIKI to the substrate of the liquid which carried out coating may occur. On the 
other hand, if a surfactant exceeds 5 mass sections, film production nature falls, a crack and a 
crack occur, and a uniform coat may not be obtained. 

[0022] HAJIKI of the liquid which carried out coating to metal substrates, such as organic 
material substrates, such as a glass substrate, a ceramic substrate, and polyimide, aluminum, 
copper, gold, silver, and nickel, stops generating the polyimide precursor solution of this invention 
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by making a surfactant including a siloxane unit contain at an above rate. 

[0023] As a surface active agent including the siloxane unit which can be used by this invention, 
a leveling agent with easy acquisition, a defoaming agent, a foam stabilizer, etc. are mentioned, 
and the dimethylpolysiloxane which specifically carried out polyether conversion, the methyl alkyl 
polysiloxane which carried out polyether conversion, the dimethylpolysiloxane which carried out 
polyester conversion, the methyl alkyl polysiloxane which carried out polyester conversion, the 
methyopolysiloxane which carried out aralkyl conversion are mentioned. 

[0024] As for the concentration of the polyimide precursor in the polyimide precursor solution of 
this invention, it is desirable that it is 30 to 80 mass %. It is more desirable that it is 40 to 80 
mass %. If concentration is lower than 30 mass %, the blemish on the front face of a substrate 
which carries out coating, a foreign matter, and irregularity may remain as irregularity on the 
front face of a coat. On the other hand, since it may become difficult to dissolve a polyimide 
precursor stably according to the class of solvent to select if concentration is higher than 80 
mass %, it is not desirable. 

[0025] The solution viscosity of the polyimide precursor solution of this invention has desirable 
"lOpoise or less. 10poise or more of the fluidity of coating liquid is not enough, and when 
thickness produces a coat 1 0 micrometers or less especially in a spin coat method, since the 
coat of uniform thickness may be [ that thickness nonuniformity tends to happen ] unproducible, 
^ it is not desirable. 

[0026] 3 which shows the polyimide precursor solution in this invention in a formula (1), and 4 — 
4 shown in - biphenyl tetracarboxylic acid and/or its derivative, and a formula (3), a '3 shown in - 
oxy-dianyline and formula (2), 3', 4, and 4'4-oxy-JIFUTARU acid, and/or its derivative can be 
manufactured by carrying out sequential addition to an organic solvent. What kind of sequence is 
sufficient as the sequence to add. 

[0027] Although it will not be limited especially if the organic solvent used by this invention 
dissolves the polyimide precursor and surfactant which are a solute For example, N-methyl 
pyrrolidone, dimethyl formamide, dimethylacetamide. Dimethyl sulfoxide, hexa methyl phosphoryl 
TORIAMIDO, a sulfolane, The polar solvent and Cellosolve which contain N, S, and P atom in 
molecules, such as N and N'-dimethyl imidazolidinone and N-methyl caprolaetam, Acetic-acid 
Cellosolve, such as Cellosolve, such as phenyl Cellosolve, ethyl-acetate Cellosolve, and butyl- 
acetate Cellosolve Carbitols, such as methyl carbitol and ethyl carbitol, ethyl-acetate carbitol, 
Acetic-acid carbitols, such as butyl-acetate carbitol, dimethyl carbitol {jig lime), Ketones, such 
as alcohols, such as carbitol diethers, such as diethyl carbitol, a cyclohexanol, and benzyl 
alcohol, a cyclohexanone, and an isophorone, gamma-butyrolactone, etc. are mentioned. 
[0028] The usual approach is adopted as the coating approach for obtaining a polyimide coat 
' from the polyimide precursor solution of this invention, for example, approaches, such as a spin 
coat method, a spray coating method, and the bar coating-machine method, are mentioned, and 
when thickness produces the thin film excellent in surface smooth nature 10 micrometers or 
less, a spin coat method is used suitably. Also in the coating approaches other than a spin coat 
method, if the polyimide precursor solution of this invention is used, as compared with the case 
where a polyimide coat is manufactured using the conventional polyimide precursor solution, the 
polyimide coat excellent in surface smooth nature can be obtained. 

[0029] After it carries out coating of the polyimide precursor solution on a substrate or a base 
material, and it dries and it removes a solvent, a polyimide coat obtains the paint film of a 
polyimide precursor, imide-izes this and obtains a polyimide coat. Furthermore, it exfoliates from 
a base material, or a polyimide film will be obtained, if it exfoliates from a base material and the 
paint film of a polyimide precursor is imide-ized. In this invention, a polyimide film enters under 
the category of a polyimide coat. 1 50 degrees C or more, preferably, imideHzation is 250 degrees 
C or more, more than for 10 minutes, is preferably heated more than for 30 minutes, and is 
performed 200 degrees C or more. 

[0030] furthermore — the polyimide precursor solution of this invention — the need — 
responding — for example, a pigment, conductive carbon black and a bulking agent like metal 
particles, an attrition agent, a dielectric, lubricant, etc. — others — a well-known additive can be 
added in the range which does not spoil the effectiveness of this invention. Moreover, solvents, 
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such as other polymers, the ether of for example, water-insoluble nature, alcohols, ketones, 
ester, halogenated hydrocarbon, and hydrocarbons, can be added in the range which does not 
spoil the effectiveness of this invention. 

[0031] Since it has the polyimide coat obtained from the polyimide precursor solution of this 
invention, and the surface smooth nature which was [ that there is nothing ] excellent especially 
in the polyimide coat with a thickness of 10 micrometers or less with regards to the crack and 
foreign matter on the front face of a substrate, or irregularity, excluding a pinhole, it is suitably 
used as a surface protective coat, an interlayer insulation film, etc., for example, it is used for a 
solar^battery substrate, an EL element substrate, the component for a heat-resistant insulation, 
a capacitor, etc. Moreover, it can use for manufacture of these products also in the polyimide 
precursor solution of this invention. 
[0032] 

[Example] Hereafter, this invention is explained to a detail using an example. 
270.0g (ODPA) (0.87 mols) of 4 and 4 -oxy-JIFUTARU acids was dissolved in N-methyl 
pyrrolidone 500g as example 1 solvent, and, subsequently methanol 83.56g (2.61 mols) and 
triethylamine 4.18g were added. With the internal temperature of 80 degrees C, the esterification 
reaction of this solution was carried out by the warm water bath in bottom 2 hours of stirring, 
and the solution containing 4 and 4 -oxy-JIFUTARU acid dimethyl ester was obtained. After 
cooling this reaction solution to 50 degrees C, 3 and 4'-oxy-dianyline 174.29g (0.87 mols) was 
added, the stirring dissolution was carried out for 2 hours, and the uniform polyimide precursor 
solution was obtained. Furthermore, 2.5g which is 0.5 mass % was added to the solid content of a 
polyimide precursor solution which was able to obtain surface-active-agent BYK-302 (made in 
big KEMI Japan, dimethylpolysiloxane which carried out polyether conversion) including a 
siloxane unit, the stirring dissolution was carried out until the system became homogeneity at 25 
degrees C, and the polyimide precursor solution (black) was obtained (solid content 
concentration 50 mass %). When the viscosity of this solution was measured, it was 1 .8poise at 
20 degrees C. Furthermore, coating of this solution was carried out on the 8 inch-silicon wafer 
substrate in engine-speed 4,000rpm and 30 seconds using the spin coater (the Mikasa, Inc make, 
1 H-DX). Under the present circumstances, HAJIKI to the substrate of the liquid which carried 
out coating was not generated. Then, after drying the liquid which carried out coating at 80 
degrees C under nitrogen-gas-atmosphere mind for 5 hours, heating imide-ization was 
performed at 300 degrees C under nitrogen-gas-atmosphere mind for 5 hours, and the polyimide 
coat with a thickness of 2 micrometers was obtained. The pinhole in this polyimide coat was not 
observed. 

[0033] Furthermore, the spin coat of this solution was similarly carried out to the aluminum 
substrate (diameter of 100mm) whose longitudinal-plane-of-symmetry average of roughness 
height (SRa) is 50nm, heat imide-ization was performed, and the polyimide coat was obtained. 
The pinhole was not observed, but further, the thickness of the obtained polyimide coat is 2 
micrometers, and it was [ SRa is 0.5nm and ] very excellent in surface smooth nature. 
[0034] The polyimide coat was made to form by the same approach as an example 1 except 
[ all ] having used the glass substrate which the longitudinal-plane-of-symmetry average of 
roughness height (SRa) is 40nm, and is the diameter of 100mm as an example 2 coating 
substrate. At the time of coating, HAJIKI to the substrate of the liquid which carried out coating 
was not generated. The thickness of the obtained polyimide coat was 2 micrometers, it was not 
observed, but SRa was 0.7nm, and the pinhole was what is excellent in surface smooth nature. 
[0035] Except [ all ] setting example 3 surface active agent to BYK-333 (made in big KEMI 
Japan, dimethylpolysiloxane which carried out polyether conversion) including a siloxane unit, it 
reacted on the same preparation and same conditions as an example 1 , and the polyimide 
precursor solution (black) was obtained. When the viscosity of this solution was measured, they 
were 20 degrees C and 1 .8poise. The polyimide coat was made to form furthermore on the 
aluminum substrate (diameter of 100mm) whose SRa is 50nm on the same approach and same 
conditions as an example 1 about this solution. At the time of coating, HAJIKI to the substrate of 
the liquid which carried out coating was not generated. The thickness of the obtained polyimide 
coat was 2 micrometers, the pinhole within a coat side was not observed and SRa was 0.4nm. 
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[0036] Except [ all ] setting example 4 surfactant to SH193 (the Toray Industries Dow Corning 
make, conversion silicone oil) including a siloxane unit, it reacted on the same preparation and 
same conditions as an example 1, and the polyimide precursor solution (black) of this invention 
was obtained. The viscosity of this solution was 1.8poise at 20 degrees C. The polyimide coat 
was made to form furthermore on the aluminum substrate (diameter of 100mm) whose SRa is 
50nm on the same approach and same conditions as an example 1 about this solution. At the 
time of coating, HAJIKI to the substrate of the liquid which carried out coating was not 
generated. The thickness of the obtained polyimide coat was 2 micrometers, the pinhole within a 
coat side was not observed and SRa was 0.5nm. 

[0037] 3, 3\ and 70.9g (BPDA) (0.24 mols) of - biphenyl tetracarboxylic acid and 174.5g (ODPA) 
(0.56 mols) of 4 and 4 '4, 4 '-oxy-JIFUTARU acids were dissolved in N-methyl pyrrolidone 500g 
as example 5 solvent, and, subsequently methanol 77.1 3g (0.24 mols) and triethylamine 3.86g 
were added (the mole ratio of BPDA and ODPA is 7:3). With the internal temperature of 80 
degrees C, the esterification reaction of this solution was carried out at the warm water bath in 
bottom 2 hours of stirring, and 3, 3', and the solution containing 4 and 4 biphenyl 
tetracarboxylic acid dimethyl ester, 4, 4-oxy-JIFUTARU acid dimethyl ester (the mole ratio of 3, 
3', 4, and 4 - biphenyl tetracarboxylic acid dimethyl ester, 4, 4 -oxy-JIFUTARU acid dimethyl 
ester is 7:3) were obtained. After cooling this reaction solution to 50 degrees C, 3 and 4'-oxy- 

) dianyline 160.9g (0.80 mols) was added, the stirring dissolution was carried out for 2 hours, and 
the uniform polyimide precursor solution was obtained. Furthermore, the polyimide precursor 
solution (black) was obtained by carrying out the stirring dissolution until it added 2.3g which is 
0.5 mass % to the solid content of a polyimide precursor solution which was able to obtain 
surface-active-agent BYK-302 (made in big KEMI Japan, dimethylpolysiloxane which carried out 
polyether conversion) including a siloxane unit and the system became homogeneity at 25 
degrees C (solid content concentration 48 mass %). When the viscosity of this solution was 
measured, it was 1.7poise at 20 degrees C. Furthermore on the same conditions as an example 1, 
coating of this solution was carried out on the 8 inch-silicon wafer substrate using the spin 
coater. Under the present circumstances, HAJIKI to the substrate of the liquid which carried out 
coating was not generated. Then, after drying a coating object at 80 degrees C under nitrogen- 
gas-atmosphere mind for 5 hours, heating imide-ization was performed at 300 degrees C under 
nitrogen-gas-atmosphere mind for 5 hours, and the polyimide coat with a thickness of 2 
micrometers was obtained. The pinhole was not observed by this polyimide coat. Furthermore, 
the spin coat of this solution was similarly carried out to the aluminum substrate (diameter of 
100mm) whose SRa is 50nm, heat imide-ization was performed, and the polyimide coat was 
obtained. The pinhole was not observed, but further, the thickness of the obtained polyimide coat 

> is 2 micrometers, and it was [ SRa is 0.5nm and ] very excellent in surface smooth nature. 

[0038] 3, 3\ and 104.8g (BPDA) (0.36 mols) of - biphenyl tetracarboxylic acid and 1 10.5g (ODPA) 
(0.36 mols) of 4 and 4 '4, 4'-oxy-JIFUTARU acids were dissolved in N-methyl pyrrolidone 500g 
as example 6 solvent, and, subsequently methanol 68.37g (2.13 mols) and triethylamine 3.42g 
were added (the mole ratio of BPDA and ODPA is 5:5). With the internal temperature of 80 
degrees C, the esterification reaction of this solution was carried out at the warm water bath in 
bottom 2 hours of stirring, and 3, 3 r , and the solution containing 4 and 4 - biphenyl 
tetracarboxylic acid dimethyl ester, 4, 4-oxy-JIFUTARU acid dimethyl ester {the mole ratio of 3, 
3\ 4, and 4 - biphenyl tetracarboxylic acid dimethyl ester, 4, 4'-oxy-JIFUTARU acid dimethyl 
ester is 5:5) were obtained. After cooling this reaction solution to 50 degrees C, 3 and 4-oxy- 
dianyline 142.6g (0.71 mols) was added, the stirring dissolution was carried out for 2 hours, and 
the uniform polyimide precursor solution was obtained. Furthermore, the polyimide precursor 
solution (black) was obtained by carrying out the stirring dissolution until it added 2.0g which is 
0.5 mass % to the solid content of a polyimide precursor solution which was able to obtain 
surfactant BYK-302 including a siloxane unit and the system became homogeneity at 25 degrees 
C (solid content concentration 45 mass %). When the viscosity of this solution was measured, it 
was 1 .Spoise at 20 degrees C. Furthermore on the same conditions as an example 1 , the spin 
coat of this solution was similarly carried out to the aluminum substrate (diameter of 1O0mm) 
whose SRa is 50nm, heat imide-ization was performed, and the polyimide coat was obtained. 
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HAJIKI to the substrate of the liquid which carried out coating at the time of coating was not 
generated. The pinhole was not observed, but the thickness of the obtained polyimide coat is 2 
micrometers, and it was [ SRa is 0.5nm and ] very excellent in surface smooth nature. 
[0039] Except [ all ] not adding the surfactant which consists of example of comparison 1 
silicone oil, it reacted on the same preparation and same conditions as an example 1. and the 
polyimide precursor solution (black) was obtained (solid content concentration 50 mass %). When 
the viscosity of this solution was measured, it was 2poise at 20 degrees C. The polyimide coat 
was made to form furthermore on the aluminum substrate (diameter of 100mm) whose SRa is 
50nm on the same approach and same conditions as an example 1 about this solution. Although 
the thickness of the obtained polyimide coat was 2 micrometers, since there was HAJIKI to the 
substrate of the liquid which carried out coating at the time of coating, eight pinholes were 
observed by the polyimide coat. Moreover, SRa was 3nm. 

[0040] Except [ all ] making the addition of BYK-302 which are the surfactant of example of 
comparison 2 example 1 7% (35g) to the solid content of a polyimide precursor solution, it 
reacted on the same preparation and same conditions as an example 1, and the polyimide 
precursor solution (black) was obtained (solid content concentration 50 mass %). When the 
viscosity of this solution was measured, they were 20 degrees C and 1.5poise. The polyimide 
coat was made to form this solution on a 4 inch-silicon wafer substrate on the same approach 
and same conditions as an example 1 furthermore. The crack and the crack occurred and the 
obtained polyimide coat was not able to obtain a uniform coat. 

[0041] 3, 3', and 4 and 100g (339.88mmol) of 4-biphenyl tetracarboxylic dianhydride were 
dissolved in N-methyl pyrrolidone 392.093g as example of comparison 3 solvent, and it 
maintained at the room temperature. Subsequently, the solution was gelled, when 3 and 4-oxy- 
dianyline 68.04g (339.88mmol) was gradually added over 2 hours in said solution and stirring was 
continued for further 6 hours. (Solid content concentration 30 mass %) 
[0042] 

[Effect of the Invention] As mentioned above, even if the polyimide precursor which is a solute 
contains by the high solid content ratio in a solvent, the polyimide precursor solution of this 
invention is hypoviscosity, and since it contains the surface active agent including a siloxane 
unit, HAJIKI to the substrate of the liquid which carried out coating at the time of coating does 
not occur, and it is not influenced by the condition on the front face of a substrate. Therefore, 
from this polyimide precursor solution, thickness does not have a pinhole at 10 micrometers or 
less, and can manufacture the polyimide coat excellent in surface smooth nature with sufficient 
productivity. 



[Translation done.] 
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*tt±-C5IJt« 1 Jr mm<Df±&* t *#-e£0&«rm \ 
#^93<7)#y-<S KBfFlRft^g (Hfe) £r#fc 0 

iKottSiix 2 0 < ct*i. 8^x-efcofc„ $e>tcr 

©*»«rlOi« 1 k RHt&£&& <b tNe£#T% SRa 
«!5 0nmt'fe57/l'5lS (EglOOmm) JlJcjK 
y^5 Ktfe*«rJBffcS-frfc. ^XB#{c«, !feILfc*W> 

3^£*vf > A>oS R a fiO. 5nmT'*)ofc 0 
[00 3 7] Hi£0ij 5 

UtoN-^f/i'fD y Ky5 0 0 gi;3, 

3' , 4, 4' -tf^m^/Ux h7*^JJ?^ <BPD 
A) 70. 9g (0. 24mo 1) 4' - 

(ODPA) 174. 5g (0. 56 
mol) MU ^^^/-^7 7. 13g 

(0. 24mol) ^hyxf;P75y3. 8 6gl:S 
AOLfc (BPDAiODPAO^l'itli? : 3) „ ~<D 

mmzuTkmicxftus ox:x\ mtT2i$wncx=-x 

7vWfcK££-B\ 3, 3' , 4, 4' -if7i^f F 
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7l3jVifsi/^s t=3-)V3L7.7-)Vk 4, 4' 
^./l^v^fvl^^Tvl' (3, 3' , 4, 4' -t'7i 
-yi'f h f /uxxT/i'i: 4 , 4' -jj- 
*i/i/y f/U&i? J ^-^^X^r frtD^fritft 7 : 3) Sr 

fc^ 3, 4' -^->v^7=!)yi6 0. 9g (0. 

somen taawu 2«FBH«t«#u *&-ft#y 

tf#SJf£tt#JBYK-3 0 2 (f • 

LT0. 5lt%t*fc5 2. 3g$r8$J!)nU 2 5 tier 
^s«&-lcft5*-e«*WS#i"5ri:lc.J:»»» *yf 5 

%) o r. <Dmm<Dtem%mfeLtc tz*>. 2ott-i. 

0kWX, *\?l/^—9—*m\^X%4Vl—*sy^<7 

20 ^ffl^T 8 0tt*5 Mrini&KL^fft. ^*^ffl^T 3 0 
0tT*5I^^Dfl!i^ 5 KflStrtfV\ g^^m^y^ 

**SiWfea»ofc. £iblC s ffljffiKfr, SRa*S5 0n 
mtfc57/l'51K (EilOOmm) 

hu Sft-Y 5 KYfc«rfTfcV\ 4<y -< 5 Klftgtfrft 

*-/HiS.^$tl-f, $^>ICSRa»i0. 5nmti) 

[0 0 3 8] Htfe0ij6 
30 M^Lt©N-^f/HfD!) K^5 0 0gt3, 

3' , 4, 4' -lf7i^fh7*^K (BPD 
A) 104. 8g (0. 36mol) ttbmc4, 4' 
-it**/*?? $ /um (ODPA) 110. 5g (0. 3 
6m o 1 ) £r&8¥U */-vU6 8. 3 7 g 

(2. 13mol) k V ])^3-AsT$.>3. 4 2g^ 
MLtz (B PDAirODPAcO^/Htfi5 : 5) . Z\<D 

mm*u*mz.xp\m.s ox.x\ m.WT2^m^x^ 

T 3, 3' , 4, 4' -lr:7i^f h 

y^/^y^xy^f-zU^^T^k 4, 4' 
40 ^/V»v f >f-A'X7T/l' (3, 3' , 4, 4' -lr"7i 
— yUx I-7*>'^^v'^^/^^7 1 /l'ir4, 4' 
^•^•^7^^v ; ^^U3i^.7 1 >'l'<0 ; E-/Ht(15 : 5) Sr 
£*rt-5?£i£*r#fc. r©R«iW««r5 0 t C*-C^L 
tc&, 3, 4' -t*v"77=!)yi4 2. 6g (0. 
7 1 mo 1) Sr^*PL, 2f^Pfl«^«L, t%-t£#!) 

tf^ffiS1±^JBYK- 3 0 2£r, nbfltztf y << 5 Klu 
IE«:^cO@^{cMLT0. 5Kl;%T-fe5 2. Og 
SrSStoU 2 5t:icT^^-tc^?,*-e«^)ST5 
50 r<!rlcj;i!),#y-r$ KffiKft^ffi <*fe) (e 
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i^gg4 5fl%) „ Z<D®Wi<D&mZmjELtltZ 
5, 2 0tT'l. 5^XT'fcofc 0 Zbl^^O&m* 
mm&H tmmte4kftT\ SRa^5 0nmffc57/U 
(jig 1 0 Omm) (C, |5M£l£*fVa- h U 

btvfc^y ^ ^ K&Mli, JP*# 2 m mT\ t°^/f:-/U 
ttS££*t1% SRaHO. 5 nmT-fctK #?jtl-lcS 

[0 0 3 9] itgf^J 1 10 

fi£THi£0iJi <>:l^«<o{tji^«}:^#T-S^^m\ # 

y^s mmwmm meo zntz (®Kw&ms om 
*%) » z<Dmm<D&&zmmviztz?>, 2ott-2 
x-c-fco fc 0 $ h ic r w^^n^j 1 1 mm?*!* 

0 0 mm) iJC^y^f £• K$BI£ffM$-tf:fc 0 

fc, # V 4 5 K&BUai fc^*-/^ 8 £ nfc„ 20. 

ifc. SR a tt3 nmffcofco 
[ 0 0 4 0 J tttJj^l 2 
Htfeflil 1 (O^ffiStt^J-Cfc 5 B Y K - 3 0 2 O^JJD* 
Sr. tfy^fS: KBtj^^&0@)£#K;ttLT7% (3 5 
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5 011%) o ^igfSW&g^gilJt Lfc.br 
5, 2 0t, 1. 5^XT'fcofc ( £b\Z.-(DmM$: 

[004 1] ifctfctfij 3 
SltLT©N->f;Ufpy Ky3 9 2. 0 9 3 g Ic 
3, 3' , 4, 4' -f7a^fh7*/^>i3 
7M&1 0 0 g (3 3 9. 8 8mm o 1 ) £*§fi?U 
l-^ofco ^V^T'HfFlE^IC3, 4' -**«>S?T=y 
^68. 04g (339. 88 mm o 1) 5:2 B#(K||Cfc> 
tz *) iCi!f$Jja U $ h I- 6 BSfpHf #£^l7fc £ ^ -5>, 

[0 0 4 2] 

£Lt<z>j;5i£, #S£9§<a#y-r $ Kutros 

gs^ibtt, K^ri* 1 0 /imttT-Cf^*:— A-#^< , 



(72)$g9!# ^tt j£8t 
(72)3693;g- H# X* 



F^— i»(##) 4F071 AA60 AA60B AA67 AB07B 

AB08B AB09B AB28B AB29B 
AC16 AE10 AF27 AH12 BA02 
BB02 BC01 BC02 BC12 

4J002 CM041 CP032 EX036 FD312 
FD316 GH00 GQ01 HA05 

4J038 DJ031 DL042 KA09 LA03 

LA06 HA06 MA09 MA14 NA01 
NA14 NA21 PA19 PB09 PC02 
PC03 PC08 



™» me sum 



